Abstract. This paper presents a method to map the large grassland in the eastern margin of the Tibetan Plateau with the high resolution polarimetric SAR (PolSAR) imagery. When PolSAR imagery is used for land cover classification, the brightness of a SAR image is affected by topography due to varying projection between ground and image coordinates. The objective of this paper is twofold: (1) we first extend the theory of SAR terrain correction to the polarimetric case, to utilize the entire available polarimetric signature, where correction is performed explicitly based on a matrix format like covariance matrix. (2) Next, the orthoectified PolSAR is applied to classify mountain meadow and investigate the potential of PolSAR in mapping grassland. In this paper, the gamma naught radiometric correction estimates the local illuminated area at each grid point in the radar geometry. Then, each element of the coherency matrix is divided by the local area to produce a polarimetric product. Secondly, the impact of radiometric correction upon classification accuracy is investigated. A supervised classification is performed on the orthorectified Radarsat-2 PolSAR to map the spatial distribution of meadow and evaluate monitoring capabilities of mountain meadow.
Introduction
Grasslands, pastures, and other grazing lands represent one of the largest managed landscape units in the terrestrial system. Mapping grassland types provides key information for analysis of agricultural productivity, carbon accounting and landscape function and biodiversity [3] . Optical methods of classification with multispectral satellite data, depend primarily upon differences in chlorophyll content, and can be indicative of grassland composition. However, these optical approaches are subject to cloud interference. With the high spatial resolution, ability to penetrate clouds and to image during darkness, Radar has advantages for grassland monitoring, as it is sensitive to vegetation structure and to the dielectric and moisture characteristics of the target.
However, in areas of high relief where most of the grasslands distributed in the west of china, SAR data can be difficult to interpret over mountainous areas. Topographic effects not only degrades the quality geometric correction but also mask the SAR backscatter variation due to different targets such as changing the radar cross section per unit image area and affecting polarization states, such as polarization orientation changes induced by azimuth slopes [8] . To address the above-mentioned topographic effects, the digital elevation model (DEM) data should be incorporated into SAR terrain correction [7] . The objective of this paper is twofold: (1) we first extend the theory of SAR terrain correction to polarimetric case and keep the all polarimetric signature available, where correction is performed explicitly based on matrix format like covariance matrix. (2) We next apply the orthorectified PolSAR to classify high mountain meadow and investigate the potential of PolSAR in mapping grassland. The study region is well known as the Ruoergai grassland (Fig 1) , at an altitude of 3300 meters to 3600 meters, which is the third largest wetland of China. It is located in the eastern edge of Qinghai-Tibet Plateau, as a part of the Aba Tibetan and Qiang Autonomous prefecture. The satellite imagery used for this study is Radarsat-2 C-band PolSAR data, which acquired on 12-Sep-2012 at 11:02 UTM time. Since the imagery has undergone relative calibration at Canada Centre for Remote Sensing (CCRS) prior to distribution, the preprocessing of PolSAR images include converting digital values to radar brightness β 0 and then saving in 3×3 coherency matrix T 3 format. A SRTM DEM with 90m pixel spacing covering the test site was downloaded from the website of USGS USA for image orthorectification. In order to maintain a certain spatial resolution of imaginary, the DEM data was oversampled in range and azimuth using with a factor 2.
Test site and experiment data

Terrain correction
Because of the side looking geometry of a SAR system, every target observed by the radar will be mapped onto the slant range domain. The topographic effects caused by rugged terrain have two components, namely a geometric and a radiometric one [5] . In geometry, the topographic effects result the relationship between radar and map geometries is not homographic. In addition, the scattering area for each pixel may be a complex and some noncontiguous area of ground and thus accurate radiometric correction is essential [7, 11] . Using a DEM data, the imaging geometry is reconstructed and used to perform a geometric and radiometric correction.
Imaging geometrical model
The objective of the accurate reconstruction of SAR imaging geometry is to find for each image pixel, the corresponding position on the earth. In an earth centered Cartesian coordinate system, for given a target position P , we need to determine its two-dimensional image coordinates:   , ij. In slant range geometry, the image row number i is known as the azimuth (along-track) coordinate, and the image column number j as the slant range (cross-track) coordinate. With the known orbit data vector and image-line timing, the geocoding lookup table can be obtained by solving the range and Doppler equations (1) for each DEM cell [2] . 
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where R is the slant range from the SAR to the target; P is the known position of target in 3D Cartesian coordinate system; t is the time when the target is imaged;
S is the SAR position at time t; denotes the inner product of vectors. The results of the iteration (imaging time and range coordinates) are linearly transformed into coordinate system of the slant range image and thus obtain the initial geocoding lookup tables (LUTs). In addition, the reconstruction of imaging conditions is done to derive various geometrical parameters for each ground point (e.g. the look angle, the local incidence angle etc. Fig. 2 ) and generate the layover-shadows map. The initial LUTs are not completely accurate due to the limitations in the knowledge of SAR imaging geometry. In order to refine the LUTs, the simulated SAR image is applied to identify Ground Control Points (GCPs) by image matching, which is performed between the simulated image and the real SAR image. Based on these obtained GCPs, an affine transformation model is constructed to characterize the mapping relationship between the simulated and real SAR image coordinate space [6, 8] . A polarimetric image fusion was made first to generate a composite image, which provides useful help for real-simulated image matching (e.g. preserve image contrast and enhance texture while remove the speckle) [9] . In order to utilize the all elements of T 3 and thus all polarimetric information, we selected the mean eignvalues  calculated by Cloud-Pottier's decomposition as a fusion image [1] .
Radiometric correction
To calculate the corresponding radar brightness for each DEM pixel, the traditional backward resampling method assign the image pixels to the DEM coordinates by using bilinear or cubic convolution kernels. In the case of SAR image with a better spatial resolution than the DEM, due to the sampling is inadequate for the interpolator, the signal noise level is kept unnecessarily high in resampling SAR images from a higher resolution to a lower resolution. To reduce speckle effect, the integrate method is applied in this paper [6] . We first assign all image pixels to its corresponding DEM pixel according to the closest Zero-Doppler position and then averaged. For single-polarization radars, the average radar brightness β 0 can be compute: (2) where all N image pixels share the same Zero-Doppler coordinate on the ground and each image pixel is assigned once to a DEM pixel only. For a PolSAR, the integration can be made using T 3 . This method guarantees that the integrated backscatter intensity, measured for each pulse, is preserved throughout the geocoding process which is essential for the generation of geocoded products, which are comparable to the original SAR image and is the basic requirement for a successful radiometric normalization of the backscattering coefficient. The normalized radar backscattering coefficient σ 0 is related the radar brightness β 0 as [6, 11 ] 00 σ β cosψ  where the projection angle Ψ is intersection angle between the surface normal of the slant range plane and the ground surface and cosine projection angle, namely, the projection factor can be derived from SAR look vector and local terrain slops and aspects as cos ψ sin θ cos u cosθsin u sin v  (3) where θ is the local incidence angle, u and v are the terrain slope and aspect with respect to the sensor azimuth direction separately. Lee et al have point out that the azimuth slopes affect the relative magnitude and phase of all terms of the coherency matrix. Thus, for terrain classification and other PolSAR application, the azimuth slope effect should be corrected to ensure accurate estimation of geophysical parameters [4, 5] . The polarization angle change due to the azimuth slope effect can express as tan ω tan tan γ cos sin     (4) where tan ω is the azimuth slope, tan γ is the slope in the ground range direction, and Φ is the radar look angle. After derived the orientation angles, the compensation can be done by 33
new T  T UT U where the rotation matrix U is given in [5] 
Results for terrain correction
(a) (b) The geocoding accuracy was evaluated by visual checking the overlap between DEM and the SAR image in figure 3(a) . Although no GCPs were used to measure its accuracy exactly in a quantitative way, we are able to find that the lines of ridge and valley are agreed very well and these traits of radar geometry are highly correlated with the topography, e.g. layover. We also check the effect of data terrain correction for the diagonal elements of coherency matrix, before and after correction. The power of |HH -VV| is consistently increased after the OA compensation, while the power of HV is correspondingly reduced and the |HH + VV| is roll invariant. This confirms the observations made by the previously cited authors [5] . As one can see in figure 3(b) , by presenting the Pauli-based decompositions in RGB, various land cover objects are emphasized. In the following, we will investigate the capability of Polarimetric Radarsat-2 to map the mountain meadow by SVM method with the image after terrain correction [10] . The attractiveness of SVMs is their ability to minimize the so-called structural risk, or classification errors, when solving the classification. PolSAR is becoming more widely used in remote sensing classification, especially; many kinds of polarimetric parameters were applied to classification [1, 4] . There is an obvious link between the number of input feature and the computational burden, yet classification accuracy may not show any significant improvement if one of the input features dose not significantly contribution to the classification problem. After an in depth research on the suitability and the usability of the parameters proposed in the literature, we selected all coefficients of Pauli-base, entropy and anisotropy as the PolSAR features to classify the research region.
Mapping Meadow
Conclusion
This study shows a rigorous method for geometric and radiometric correction of Polarimetric SAR data. There are three improvements in terrain correction: (1) refining the location accuracy by polarimetric image fusion; (2) extending the integration method of the radar brightness to polarimetric case for radiometric terrain correction; (3) investigating the azimuth slop compensation for Radarsat-2 on glacier region. After terrain correction, we applied the corrected PolSAR data to map the glacier facie with supervised classification SVM and illustrate the potential of RADARSAT-2 in monitoring the Mountain meadow in Tibetan of china. 
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